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Description 

A. TECHNICAL FIELD 



[0001] The present invention relates to a production process of a water-absorbent resin more pa rticulariy. a produc- 
Sion process of a water-absorbent resin by polymerizing statically an aqueous solut,on mclud.ng a hydroph.lic monomer. 



B. BACKGROUND ART 



10 [0002] In recent years, in the fields of sanitary materials and so on such as paper diapers, Phys-ological napkins and 
so-ca ed incontinent pads, a water-absorbent resin is widely used as the object of absorbing body fluids. 
So031 As to the above water-absorbent resin, the following materials are. for example, known: crosslinked produc s 
of pamal.7neutra.ized po.yacrylic add. hydrolysis products of starch-acry.onitri.e graft polymer, neutralized product 
of stamh-acrylic acid graft polymer, saponified products of vinyl acetate-acrylic acid ester copolymer, hydrolysis prod- 

,5 Is oTacrylonitrfle copolymer or acrylamide copolymer or their crosslinked products, crosshnked products of cat.onic 

Zw"as a production process of these water-absorbent resins, a process of carrying out an aqueous .solution 
polymerization while stirring an aqueous solution inc.uding a hydrophi.ic monomer of which the mam component ,s 

2 o S^fofS^^ the polymerization can be carried out while cutting to tittle pieces 

a hydmgi pSymer gener'atedwifh the progress of the polymerization, this is excellent in that Po'V-nza ,on ,n which 
^polymerization peak temperature is controlled to some extent can be earned out ^ ^^^^Z 
heat with a relatively compact apparatus. However, because molecular chains are cut due to the shear force of he 
Sng there aTsuch problems that the molecular weight is hardly raised and that the network of the cross'.nk.ng 

25 2 is apt to fall into disorder. In comparison with this process. ^P^ 0 '^^f^ 7 ^ U ?^ 
monomer section without stirring, as is suggested in J P-A-62- 156102 JP^01-126310 

04-175319 JP^-04-236203 and so on. the water-absorbent resin is obtained without problems mentioned above. 

cannotbe controlled, the maximum attained temperature of the polymerization system exceed 8 ™erefor e - * e 
30 water-soluble content, which is undesirable for the water-absorbent resin, is .ncreased. so only the .^^sorbent 
resin of low physical properties can be obtained. Or, to control the maximum attained temperature, it s necessary _ to 
towerflnecon^ 

to employ production processes of low productivity. 
35 SUMMARY OF THE INVENTION 

A. OBJECT OF THE INVENTION 

F00071 It is an object of the present invention to solve the above-mentioned problems and to provide a production 
proclls by whTch the polymerLion temperature can be controlled in the static aqueous soiut.on polymenzafon. and 
a water-absorbent resin of excellent quality can be obtained with high product.vity. 

B. DISCLOSURE OF THE INVENTION 
system. Thus, the inventors achieved the present invention. 

r00091 To solve the above problems, the present invention has the below constitution. 

00??] I production process of a water-absorbent resin, comprising the step of polymerizing stat.ca.ly an aqueous 
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zation apparatus having an upper space; and an inert gas is introduced into the upper space of the polymenzat on 
afoaratus wherein said aqueous solution including a hydrophilic monomer has a th.ckness of 10-50 mm and he 
removal* the po lymerizatL heat by using cooling due to the latent heat of vaporization is ach.eved by: ,n troducng 
aMnert ga atan amount of 30 cm/mln or more into the upper space of the polymerization apparatus hav.ng , the upper 

5 soace and then discharging a water vapor including vaporized solvents and hydroph.hc monomer out of the polymer- 
S on sTst m along with the inert gas as introduced into the upper space; wherein said process "^her compnses the 

■ sTeps of Sng the resultant hydrogel polymer of the water-absorbent resin to increase ,ts so ^^ e ^ e a " d re t ^ n 
pulverizing me dried polymer, and then classifying the pulverized polymer to obta.n a parturiate wate "bsoriMa^n 
Soil] These and other objects and the advantages of the present invent.on w.ll be more fully apparent from the 

to following detailed disclosure. 

BRIEF DESCRIPTION OF THE DRAWING 

[0012] Fig. 1 is a flow chart showing an example of the flow of the production process to produce a water-absorbent 
15 resin in accordance with the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
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,0013] The hydrophilic monomer used in the present invention is not lim.ted prov d.ng Jat '^ become a wate^ 
absorbent resin due to polymerization, but examples thereof include: an.onic unsaturated monomers and the.r ^salts 
sucnasac-yHcacid methacrylic acid. maleic acid. vinylsulfonic acid. 8lyrene8ulton.cacKl. 2^)301^™^.™^ 
%SZ£XS* acid. 2-(meth)acr y lo yI ethanasulfon«c acid and 2 ^ h ^ 

v ate 2 hyd Soy? (meth)acrylate methoxypolyethylene glycol (meth)acrylate. polyethylene glycol mono(meth) 
Cata CSnrN-vinylpyTrolidone. N-acryloylpiperidine and N-acryloy.pyrro,id ne; and 

^N^VSS^S-*-. -V - ~* hydrophilic polymers such . 

!*SS3 > of orordvooM.*.. polyvinyl .Icohc. po.yooryl* acid (o.«l hod c™ s *«od products o. 

mo wen,ol-o.os**in 3 ogoht win. a hydrophilic «"»»™« "T.™" N N - J . le ,h y io„«bi S (molh)ocryl. m a., (poly) 
Vlolpropar^dilmoWoer^ 

absorption capacity is apt to fall. 
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[0020] Also, when the polymerization is carried out, the following can be used: radical polymerization initiators such 
as potassium persulfate, ammonium persulfate, sodium persulfate, t-butyl hydroperoxide, hydrogen peroxide and 2,2- 
azobis(2-amidinopropane) dihydrochloride; and activation energy beams such as ultraviolet and electron beam. Also, 
when the oxidizable radical polymerization initiator is used, redox polymerization may be carried out by the joint use 
5 with reducing agents such as sodium sulfite, sodium hydrogen sulfite, ferrous sulfate and L-ascorbic acid. The used 
amount of these polymerization initiators is usually in the range of 0.001-2 mol %, preferably 0.01-0.5 mol %. These 
polymerization initiators and activation energy beams may be used together. 

[0021] Especially, a water-absorbent resin with excellent absorbency might be obtained by jointly using the following 
four types polymerization initiators: an azo compound, an inorganic peroxide, a reducing agent, and hydrogen peroxide. 

10 In this case, hydrogen peroxide is not included in the inorganic peroxide. Because the azo compound is a thermal 
cracking type polymerization initiator, it acts after the temperature of the polymerization system has risen to a certain 
temperature or higher. Because the inorganic peroxide and hydrogen peroxide are both oxidizable polymerization 
initiators, they act as a redox initiator in combination with the reducing agent or as a thermal cracking type initiator 
alone. The redox initiator mainly acts in a low temperature region in the initial stage of polymerization. If the inorganic 

15 peroxide is used, the amount of monomer remaining after polymerization can be decreased. 

[0022] Examples of the above azo compound include 2,2-azobis(N,N -dimethyleneisobutylamide) dihydrochloride, 
2,2'-azobis(2-amidinopropane) dihydrochloride, 2,2 '-azobisCN.N'-dimethyleneisobutylamide), 4,4'-azobis(4-cyanopen- 
tanoic acid), and azobisisobutyronitrile. Examples of the above inorganic peroxide include sodium persulfate, potas- 
sium persulfate, and ammonium persulfate. Examples of the above reducing agent include sulfites of alkaline metals, 

20 bisulfites of alkaline metals, ammonium sulfite, ammonium bisulfite, ascorbic acid, and erythorbic acid. The combination 
of 2,2'-azobis(2-amidinopropane) dihydrochloride, sodium persulfate, L-ascorbic acid, and hydrogen peroxide is pref- 
erable. 

[0023] The amount of the above polymerization initiator as used is preferably in the range of 0.001 to 0.1 mol % for 
the azo compound, 0.001 to 0.1 mol % for the inorganic peroxide, 0.0001 to 0.01 mol % for the reducing agent, and 
25 0.001 to 0.01 mol % for hydrogen peroxide, relative to the above monomer component. For decreasing the amount of 
monomer remaining after polymerization, it is preferable that the total amount of the inorganic peroxide and hydrogen 
peroxide is larger than the amount of the reducing agent. 

[0024] The order of adding the above four types polymerization initiators is preferably such that the addition of hy- 
drogen peroxide is final. When hydrogen peroxide is added prior to the other polymerization initiators, not only does 
30 the polymerization become unstable, but also stable physical properties of the product cannot be obtained, so the 
resultant water-absorbent resin merely has low ability. 

[0025] The polymerization initiation temperature can be fitly selected and is usually in the range of 0-50 °C, pref- 
erably 1 0-40 °C, and more preferably 1 5-30 °C. 

[0026] The maximum attained temperature of the polymerization system is in the range of 60-95 °C, more preferably 
35 70-90 °C, and still more preferably 75-90 °C. When the temperature is lower than 60 °C, the absorption capacity of 
the obtained water-absorbent resin becomes small, or the amount of monomer which is not reacted becomes large. 
On the other hand, when the temperature exceeds 95 °C, the water-soluble content of the obtained water-absorbent 
resin becomes large and this is not preferable. 

[0027] The temperature difference in the polymerization system (mainly the temperature difference in thickness di- 
40 rections, especially the temperature difference in a region near the maximum attained temperature) is preferably within 
30 °C and more preferably within 25 °C. When the temperature difference in the polymerization system is too large, 
the qualities of the resultant water-absorbent resin are different at different positions, so not only are physical properties 
unstable, but also the quality of the entirety becomes bad. 

[0028] The polymerization heat involved by the polymerization is removed by using together the cooling due to the 
45 heat conduction transfer from a contact face with the polymerization system and the cooling due to the latent heat of 
vaporization which is caused by evaporation of a solvent, mainly such as water, from the polymerization system. In 
the present invention, it is important to use together the cooling due to the latent heat of vaporization and the cooling 
due to the heat conduction transfer and, by such joint use, the polymerization temperature can be controlled while 
minimizing the polarization of the temperature between positions in the polymerization system. As a result, the water- 
50 absorbent resin with high absorption capacity and little water-soluble content can stably be obtained. 

[0029] The cooling due to the latent heat of vaporization is to remove the heat from the polymerization system mainly 
by vaporizing water from the polymerization system (aqueous monomer solution and/or resultant hydrogel polymer). 
The vaporization amount of water is preferably in the range of 0.5-10 weight %, more preferably 1-5 weight %, of the 
aqueous monomer solution. When the vaporization amount of water is less than 0.5 weight %, the temperature control 
55 of the polymerization system cannot sufficiently be carried out and the maximum attained temperature becomes high 
and the water-soluble content is increased. On the other hand, when the vaporization amount of water exceeds 10 
weight %, the absorption capacity of the obtained water-absorbent resin is apt to become small. 
[0030] The amount of vaporization of, for example, water, monomer, from the aqueous monomer solution and/or the 
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resultant hydrogel polymer is herein determined as a ratio of the total amount of water vapor and monomer, wh.ch 
have vaporized from the polymerization system since the polymerization gets started until the polymer.zat.on system 
is separated as the resultant hydrogel polymer after going through the maximum attained temperature. (Y kg) to the 
amount of the aqueous monomer solution charged (X kg), namely. 100Y/X (weight %). In the case of cont.nuous 
5 polymerization, the respective amounts per unit time may be determined. 

[0031] On the other hand, there is the increase in solid content as the amount that is proportional to the above amount 
of vaporization. In the present invention, the increase in solid content is determined as follows: 

(1) After the polymerization system has reached the maximum attained temperature, the solid content of the re- 
10 sultant hydrogel polymer (A weight %) is determined. This solid content can be determined by pulverizing the 

hydrogel polymer into a particle size of 2 mm or less, and then placing 2-3 g (WO g) of the pulverized polymer into 
an aluminum cup (W1 g) with a diameter of 5 cm. and then keeping this cup in a no-wind dry.ng machine of 180 
°C for 5 hours, and then measuring the weight of the cup (W2 g). That is to say. A = 100(W2-W1)/WO. 

(2) Next the difference between the hydrophilic monomer concentration in the aqueous solution of the hydrophilic 
monomer and the above-determined A weight % is determined. That is to say, A-B (weight %) is the '"crease in 
solid content. The increase in solid content, in the present invention that effectively utilizes the cool.ng due to the 
latent heat of vaporization, is preferably in the range of 0.2 to 1 0 weight % more preferably 0^3 to 5^ weight /o and 
still more preferably 0.5 to 5 weight %. When the increase in solid content .s less than 0.2 we.ght %. the temperature 
of the polymerization system cannot sufficiently be controlled, and the maximum attained temperature becomes 
high, and the water-soluble content becomes great. On the other hand, when the increase in sol.d content .s more 
than 1 0 weight %. the absorption capacity of the resultant water-absorbent resin tends to be small. 

[0032] The static polymerization in the present invention is preferably carried out using a polymerization apparatus 
Lt can get the polymerization system airtight. The polymerization can be carried out under .ncreased or decreased 
25 pressure in a predetermined gas atmosphere in a state where air is discharged using the above apparatus. In such a 
case, as an operation of taking out the latent heat of vaporization, it is preferable to introduce 30 cm/mm or _mo« of 
an inert gas to the upper side of the polymerization system. The range of 30-6000 cm/m,n is ^ W "" d * e ™ n .£ 
of 50-3000 cm/min is more preferable. The introducing amount sma.ler than 30 cm/mm results .n insufficient cooling 
effect and increases the water-soluble contentof the obtained water-absorbent^ 

30 processes, the polymerization under nitrogen current is carried out. However, its object * ; t .prevent ^amount of 
dissolvedoxygen i the monomer from increasing, so the introducing amount is at mos about .20 cm/m '"- s °" 
with this, Jflow rate which exceeds it largely is necessary for carrying out posit.vely the temperature oHhe 
polymerization system due to the latent heat of vaporization. The humidity of the inert gas, flowed to the uppe portion 
oHhe polymerization system, is preferably 80 % or less, and more preferably 50% or less. Examples of th .nerL gas 

35 include: rLgen gas. argon, helium, carbonic acid gas and superheating steam. Because the pc £Tneri 
generally, nofgenerated largely until the temperature of the polymerization system reaches 40 -C ortJM»jJ 
gas for removing the polymerization heat by utilizing the latent heat of vaponzafon does not ^ "w^ un « 
L temperature of the polymerization system reaches 40 »C or higher. However, th.s does not exdude toe .nert^as 
from being introduced for the purpose of lowering the amount of dissolved oxygen in the polymenzation system below 

W roo^T Astn'her operation of taking out the latent heat of vaporization, it is preferable to make 

vapor in ambient gas which contacts the polymerization system. This is possible by cool.ng < a contact ^« £j 

ambientgas. The contact face ofa polymerization reaction machine with the amb.ent gas may be coo, f h d -^ 

gas may be sucked and the gas from which the condensed water has been removed by passing through coo .ng 

45 Ler may be returned to the polymerization machine again to mix it with a fresh gas and then recycle th ^u tont 
mixture. In addition, because the condensed water is an aqueous solution of the hydroph.l.c monomer wh.c contains 
nofonly water but also the hydrophilic monomer, at least part (for example. 5 we.ght % or more) , 
watermay be recycled toastarting aqueous solution including the hydrophilic monomer. The latent heat of vaporization 
can be taken out by decompressing the polymerization system (to 760 mmHg or -below too. temDeratgre 

so [0034] To efficiently carry out the cooling due to the heat conduct.on transfer, it is preferable to set * e * m P°™? 
of the contact face with the polymerization system to be 0-30 -C. When this temperature ,s below O 'C a fecial 
means to aclve the temperature is necessary and this is not practical. When the a S^ZSSi"eS2 «^ 
30 °C. the removal of the polymerization heat due to the heat conduct.on transfe canno be sufftaentfy "Tj^f 
r0035 The ratio between the cooling due to the heat conduction transfer and the cool.ng due to the latent heat of 

55 lapoLLn is nS esp^yTmited. However, it is preferable that 20-60 % of the polymerization heat ,s removed due 

So?6]' a Th^ system (a liquid height of toe aqueous 

!n the range of 10-50 mm and is preferably in the range of 10-40 mm and is more preferably .n the range of 15 35 
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mm When the thickness of the polymerization system is less than 10 mm. the productivity is low. Also in the thickness 
Ike this, it is possible to control the temperature of the polymerization system in the desired range only by the cool ng 
due to the heat conduction transfer, even without utilizing the latent heat of vaporizat,on. On the other hand, when the 
thickness of the polymerization system exceeds 50 mm. it is difficult to control the temperature o the polymeria tion 
system!so the maximum attained temperature exceeds 95 °C, and the water-soluble content of the obtained water- 

tw^toevesZt^enfon. the polymerization is carried out by a static polymerization. The static polymerization 
is a polymerization that is carried out substantially without stirring since the start of the polymerization until the polym- 
erization system reaches the maximum attained temperature due to the polymerization heat. 

[0038] A polymerization apparatus used in the static polymerization is not especially limited providing that ,t can carry 
out heating and/or cooling of the contact face with the polymerization system and has a space in which he solvent 
can evaporate from the polymerization system. Examples of such a polymerization ^^^-^^Z 
type polymerization apparatus to carry out heating and/or cooling from the lower one s.de of the belt conveyor a heat 
exchanging plate type polymerization apparatus to carry out heating and/or cooling from one side of the plate, a cen- 
SaUhin-L type polymerization apparatus to carry out heating and/or cooling from the surrounding walls. 

039 Examples of materials of the polymerization apparatus include stainless steel, synthetic res.n. and ceramics 
but are not especially limited. However, the stain.ess steel is preferable in that it ,s excellent «n durability and heat 

Sr tS present invention, if necessary, there may be provided a maturing step in which a^fter the polymerization 
system has reached the maximum attained temperature, the temperature of the heat transfer face .s ra.sed to 50 C 
ofhiher and the hydrogel polymer is thermally insulated and /or is heated. The maturing ste p can be provided by 
setting the hydroge. polymer for 10 minutes - 10 hours in the range of 30-95 -C. preferably for 20 minutes - 5 £>urs 
fn the range of 40-90 °C. By providing the above maturing step, the amount of monomers which are not reacted can 

fo e 04ir a T S he d hydrogel polymer obtained by the above-mentioned polymerization can be pulverized to dry it. thus .ob- 
aining a particulate hydrogel polymer (pulverized gel) having an average particle diameter of abou 1 to about 10 mm 
poTar^appara^^^^ 

a block- or sheef-shaped hydrogel polymer into a predetermined size, and its examples ^^T^SS^i 
by Hiraga Kosakusho & Co.. Ltd. and so on), kneaders. pulverizers (such as cutter mills, and shred crushers), and 

^d^XabX-ulverized gel. conventional drying machines -d heating furnaces can be used The 
follow ngs are.for example, used: thin type agitation drying machines, rotation drying machines **dry ng ^hmes 
fluTzed bed drying machines, air current drying machines, and infrared drying machines. On hat ooca o toe d^.ng 
temperature is preferably in the range of 40 to 250 -C. more preferably 90 to 200 °C. and still more preferably 120 to 
1 8 T4 The dryTng dSon ^usually, preferab.y in the range of 1 to 180 minutes, and more preferably .n the range 
of?0to120mS^S 

80 to 98 weight %. as determined in the same way as to determine the solid content m the 

[0044] The dried product itself, obtained by the above drying, may be used as a water-absort>ent resin I but ^sfurtoer 
and classified to be used as a particu.ate water-absorbent resin of the P^dete-med size. OHMooem 
the oarticle size is usually in the range of 10 urn to 5 mm and preferably in the range of 100 urn to 1 mm Depending 
oT message ™Z^J5* diameter is usually in the range of 100 to 1 .000 urn and preferab.y ,n the range of 

S^Thrvicinity of the surface of the above particulate water-absorbent resin may further be subjected to , . 
cross, nking treatment and. by this treatment, a water-absorbent resin which has a high absorption capacity under a 
Sad can be obtained For the surface-crosslinking treatment, a crosslinking agent which can react with functional 
group"^ 

agents which are usually used in that usage are exemplified. _ „„i„u„ rfn > airohol com- 

[0046] As to the surface-crosslinking agent, the following materials are for example. 

pounds such as ethylene glycol, diethylene glycol, propylene glycol, methylene glycol, tetraethyle ne glycol Polyethyl 
ene glycol. 1 .3-propanediol. dipropylene glycol. 2.2.4-trimethy.-1 ,3-pentaned,o., po W^**^* ** ^£S_ 
lycero* 2-butene-1 ,4-diol. 1 ,4-butanediol, 1 ,5-pentanediol. 1 .6-hexanediol, 1.2-cyclohex aned,me ^ an ° , J^ c ° 0 h ^. 
aSmethy.o. P ropane. diethano.amine. triethanolamine. po.yoxyprepy.ene «^ n | «3^™^£^ 

^c«^^ 
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ylenebisoxazoline; alkylene carbonate compounds such as 1 ,3-dioxolan-2-one, 4-methyl-1.3-dioxolan-2-one, 
4 5-dimethyl-1,3-dioxolan-2-one, 4,4-dimethyl-1,3-dioxolan-2-one, 4-ethyl-1.3-dioxolan-2-one, 4-hydroxymethyl- 
13-dioxolan-2-one, 1 ,3-dioxan-2-one, 4-methyl-1,3-dioxan-2-one, 4,6-dimethyl-1 ,3-dioxan-2-one and 1,3-dioxopan- 
2-one; haloepoxy compounds and their polyvalent amine adducts (for example, Kymene made by Hercules: registered 

5 trademark) such as epichlorohydrin, epibromohydrin and a-methyiepichlorohydrin; polyvalent metallic compounds 
such as hydroxides and chlorides of zinc, calcium, magnesium, aluminum, iron and zirconium. Among these, polyhydnc 
alcohol compounds, polyvalent epoxy compounds, and polyvalent amine compounds and their salts, and alkylene 
carbonate compounds are preferable. These surface-crosslinking agents may be used either alone or in combinations 
with each other. w 

10 [0047] The amount of the surface-crosslinking agent is preferably in the range of 0.01-10 weight parts, more pref- 
erably 0.5-5 weight parts, per 100 weight parts of the water-absorbent resin. 

[0048] For the heating treatment to react the surface-crosslinking agent and the water-absorbent resin, conventional 
drying machines and heating furnaces can be used. The followings are, for example, used: thin type agitation drying 
machines, rotation drying machines, disk drying machines, fluidized bed drying machines, air current drying machines, 
15 and infrared drying machines. In that case, the temperature of the heating treatment is preferably in the range of 40-250 
°C, more preferably 90-230 °C and still more preferably 120-220 °C. The duration of the heating treatment is. usually, 
preferably in the range of 1-120 minutes and more preferably 10-60 minutes. 

[0049] Fig. 1 is a flow chart showing an example of the flow of the production process to produce a water-absorbent 
resin in accordance with the present invention, but the invention is not limited thereto. The starting material (aqueous 

20 solution including a hydrophilic monomer) is statically polymerized in a reactor to form a hydrogel polymer. In such a 
process, it is preferable that an inert gas is introduced to bring out the latent heat of vaporization, and that the condensed 
water including vaporized solvents (such as water) and hydrophilic monomer is separated from the discharged gas 
and then recycled to the starting material, and that the rest of the gas is recycled as the inert gas. The resultant hydrogel 
polymer is pulverized to form a pulverized gel and then dried with a drying machine (and then further pulverized, if 

25 necessary) and then classified, thus forming a particulate water-absorbent resin (product). 

(Effects and Advantages of the Invention): 

[0050] According to the present invention, a water-absorbent resin can be produced by static aqueous solution po- 
30 lymerization while controlling the maximum attained temperature of the polymerization system. Accordingly, the inven- 
tion can provide a water-absorbent resin of which the absorption capacity is high and of which the water-soluble content 
is small. Also, because the polymerization heat is removed due to the latent heat of evaporation, energy cost is low, 

which is economical. ...... * ^ * » • ~ 

[0051] Due to the above effects, the water-absorbent resin obtained by the present invention is useful for the following 
35 various industrial usages which need water absorption, water-preservation, humidity, swelling and gelation: usages 
which contact human body, such as sanitary materials (e.g. paper diapers for children and for adults, physiological 
napkins, incontinent pads); materials to separate water from oil; other dehydrating or drying agents; water-preservation 
materials for plants and soil; solidification agents for muddy sediment; dewfall prevention agents; water-cutoff materials 
for electric wires or optical fibers; water-cutoff materials for engineering works and buildings. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



[0052] Hereinafter, the present invention is more specifically illustrated by the following examples of some preferred 
embodiments in comparison with comparative examples not according to the invention. However, the invention is not 
45 limited to the below-mentioned examples. . . 

[0053] In the examples, the absorption capacity and the water-soluble content are measured by the below methods. 
In addition, in the following, unless otherwise noted, the units and "part(s)" are by weight. 



[Absorption Capacity] 



[0054] About 0.2 g of a water-absorbent resin was uniformly placed into a bag made of nonwoven fabric (60 mm x 
60 mm) and then dipped into artificial urine (comprising sodium sulfate 0.200 %, potassium chloride 0.200 ^.magne- 
sium chloride hexahydrate 0.050 %, calcium chloride dihydrate 0.025%. ammonium dihydrogen phosphate 0 085 /o. 
diammonium hydrogen phosphate 0.015 %. and deionized water 99.425 %). After 60 minutes, the bag was pu led up 
55 and swishing water off was carried out at 250 G for 3 minutes by using a centrifuge, and the weight W1 (g) of the ^bag 
was measured. The same operation was carried out without using the water-absorbent resin, and the weigh VVO (g) 
of the bag of that time was measured. According to the next formula, the absorption capacity (g/g) was calculated from 
W1 and W0. 
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Absorption capacity (g/g) = 
(W1 (g) - WO (g)) / weight of water-absorbent resin (g) 

[Water-soluble Content] 

[00551 First of all, 0.5 g of water-absorbent resin was dispersed into 1000 g of deionized water and after stirring for 
3 hours, filtrated with a filter paper. Next. 50 g of the obtained was placed into a 100 ml beaker, and then 1 ml of a 0.1 
N aqueous sodium hydroxide solution. 10 ml of an N/200 aqueous methyl glycol chitosan solution and 4 drops of a 01 
% aqueous Toluidine Blue solution were added to the filtrate. Thereafter, a colloidal titration of the water-soluble polymer 
component amount (water-soluble content) in the beaker was carried out by using an N/400 aqueous potass.um pol- 
yvinyl sulfate solution. The time when the color of the solution changed from blue to purpl.sh red was regarded as he 
Tnd of the titration, and the titrated amount A (ml) was measured. Also, the same operation was earned out by using 
50 g of deionized water instead of 50 g of the filtrate, and the titrated amount B (ml) was measure d ~ » b ' an ^ e "' 
according to the next formula, the water-soluble content was calculated from the titrated amount A. B and the average 
molecular weight C of the constituting monomers of the water-absorbent resin. 

Water-soluble content (wt %) = (B-A) x 0.01 x C 

EXAMPLE 1 

[0056] First of a... 173 g of acrylic acid and 1 424 g of a 37 % aqueous sodium acry.ate s ° ,u ^ s 8 3^ 
g of polyethylene glycol diacry.ate (average molecular weight 478) as a crossl.nking agent and 388 ; g of ^ were 
sufficiently mixed to prepare an aqueous liquid. The obtained aqueous liquid was placed into a stain.es a vessel wh.ch 
had a size of length 320 mm x width 220 mm x height 50 mm and of which the inner su ^ a ^ s S ^ n ^f ^ 
that time, the thickness of the aqueous liquid was 25 mm. The stainless vessel was sealed a * J 
polyethylene film which had a nitrogen introducing inlet, an exhaust outlet and a polymenzahon .nit »*' J*- 
and then the vessel was dipped into a water bath of 30 °C. Dissolved oxygen was removed from the aqueous £qu.d 
by introducing a nitrogen gas into the aqueous liquid while adjusting the tempera ure of the aaueous liquid to 30 C. 
Thereafter, the nitrogen gas was introduced at 6 L/minute (108 cm/minute) in the length direction of tt.e vessel. whte 
L exhaust was continued from the opposite side. Then. 0.02 g/(monomer mo.) of V-50 

initiator made by Wako Pure Chemical Industries. Ltd.). 0.0018 g/(monomer mo ) of ^^^^^ 
(monomer mo.) of hydrogen peroxide, which were respectively dissolved ,n 5 g of deaerated water wer ,.nje cted « 
polymerization initiators and sufficienUy mixed with a magnetic stirrer (monomer concentre ^35.0 f^use the 
polymerization got started 1 minute after the injection of the polymerization in, t.ators the stainless ^""^J 
Lawaterbatr .oflO'Cup to the height of 10 mm from the bottom of the .vessel and ^"J^**^^*™ 
film was covered with a heat insulator. After 13 minutes, the polymerization peak temperature of 80 C ^ <™ibrted. 
Watervaporthatcameoutofthe exhaust o»WhMp#n^|^«ll2^«^^^ 
to be 55 g. After the polymerization peak, the stainless vessel was d.pped in a water bath of 80 C up to the height of 

1 0 mm from the bottom of the vessel and held for 60 minutes. . 

[0057] The obtained hydrogel polymer was pulverized with a meat chopper (No. 32 type chopper made , by _Hiraga 

Kosakusho a Co.. Ltd.) having a'perforated plate (dice) containing holes of a diameter o.9.5-an 

160 °C for 65 minutes. On the other hand, the solid content of a pulverized I gel "^^^J^^^^ 

ofthehydrogelpolymerwiththemeatchopp^^ 

of measuring the solid content of the hydrogel polymer, and, as a result, gave a value of 36 %. and the increase n 
solid contenTwas 1 %. The dried product was pulverized and classified, thereby obtaimng a water-absorbent resin (1 ) 

Sow 0 ]" TheTbsorption capacity and the water-soluble content of the water-absorbent resin (1). as measured by the 
above-mentioned method, were 68 g/g and 4 % respectively. 

EXAMPLE 2 

[0059] First of all. 43.7 kg of acrylic acid and 286 kg of a 37 % aqueous S0 «™ a ^ at * S ^°f™^ 
g of polyethylene glycol diacry.ate (average molecular weight 478) as a crosslink.ng *^™« 8 ™ k *°^^ 
sufficiently mixed to prepare an aqueous liquid. The obtained aqueous hquid was supp ^ ^ 7 1_2 kg/h to 
steel-made belt polymerization machine having a width of 30 cm and moving at 14 cm/mm. In the belt polymerization 
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machine with a dam of 50 mm in height, the aqueous liquid was filled up to the height of 25 mm The aqueous liquid 
was heated on a supplying line so that the temperature of the aqueous liquid would be 22 -C at a supplying ,ntet of 
the belt polymerization machine. Also, a nitrogen gas was successively introduced on the supplying line, and ^solved 
oxygen was decreased to 0.5 ppm or below. To the aqueous liquid of which the dissolved oxygen level was decreased 
in such a way. an aqueous liquid of the below-mentioned polymerization initiators was successively injected and suf- 
ficiently mixed on the supplying line such that V-50 would be 0.02 g/(monomer mol). L-ascorb,c ac,d would be 0 001 8 
g/(monomer mol), and hydrogen peroxide would be 0.0014 g/(monomer mol) (monomer concentrate: 35 7 Jt) The 
first half of the belt polymerization machine was cooled from the lower face of the belt with a cooling water of 12 C. 
Then 12 minutes later, aqueous liquid, as supplied to the belt polymerization machine, exhibited the polymer.zat.on 
peak temperature of 85 °C. The nitrogen gas was introduced at 3 nvVh (670 cm/minute) from the same pos.t.on as the 
supplying inlet of the aqueous liquid. The upper face of the dam of the belt polymerization mach «ne wm cwere- d with 
a polyethylene film. However, on the inner face of the film, much dewfall occurred. The second half of the belt polym- 
erization machine was heated for 12 minutes from the lower face of the belt with a hot water of 90 C 
[0060] The solid content of the obtained hydroge. polymer was 36.2 % and the increase ~''^~ n J" l ^5et 
The hydroge. polymer was gel-pu.verized in the same way as of Example 1 and then dned at 60 C ■< 0 *S™ 
The dried product was pulverized and classified, thereby obtaining a water-absorbent resm (2) of 500-1 06 pm. 
[0061] The absorption capacity and the water-soluble content of the water-absorbent res.n (2). as measured by the 
above-mentioned method, were 70 g/g and 4 % respectively. 

EXAMPLE 3 (comparative) 

[0062] A water-absorbent resin (3) was obtained in the same way as of Example 1 except that the » sullying amount 
of the nitrogen gas during the polymerization was 1 L/minute (1 8 cm/minute). The polymenzat.on peak temperature of 
95 -C was exhibited 12 minutes after injecting the polymerization initiators. The increase .n sohd intent was » 0.2 %. 
[0063] The absorption capacity and the water-soluble content of the water-absorbent res.n (3), as measured by the 
above-mentioned method, were 68 g/g and 8 % respectively. 

EXAMPLE 4 

[0064] A water-absorbent resin (4) was obtained in the same way as of Example 1 except that only 800 • g of I the 
prepared aqueous liquid was injected into the stainless vessel to set the thickness of the aqueous l.qu.c to ba 10 .mm. 
The polymerization peak temperature of 60 «C was exhibited 15 minutes after injecting the polymenzat.on .n.t.ators. 

The increase in solid content was 0.2 %. m ~- c ,, r »H hv 

[0065] The absorption capacity and the water-soluble content of the water-absorbent res.n (4), as measured by the 

above-mentioned method, were 55 g/g and 3 % respectively. 



EXAMPLE 5 

[0066] First of all. 170 g of acrylic acid and 1808 g of a 37 % aqueous sodium acry.ate sol f™™ m °™™£™* 
g of polyethylene glycol diacrylate (average molecular weight 478) as a crossl.nk.ng agent and 407 g 
sufficiently mixed to prepare an aqueous liquid. The obtained aqueous liquid was placed into a sta.nless vessel wh.ch 
had S onength i x Jdth 220 mm x height 50 mm and of which the inner 

that time the thickness of the aqueous liquid was 30 mm. The stainless vessel was sealed at its upper side with a 

potS^ fZ which had a ni^ogen Educing inlet, an exhaust outlet and a P^^^"^ 

and then the vessel was dipped into a water bath of 30 -C. Dissolved oxygen was ra^^ ^Z ^C 

by introducing a nitrogen gas into the aqueous liquid while adjusting me temperature of 'J^ 3 ^ 

Thereafter, the nitrogen gas was introduced at 10 L/minute (180 cm/m.nute) m the length direct on ,o '^^Jj* 

the exhaust was continued from the opposite side. Then. 0.02 g/(monomer mol) of V-50 0 ° 01 rt 8 £ (m °"° mer Q , "^° 

L-ascorbic acid and 0.0014 g/(monomer mo.) of hydrogen peroxide, which ™Y h ^^ 

aerated water were injected as polymerization initiators and suffic.ently m.xed w.th a magnetic stirrer (nnmma ^con 
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160 °C for 65 minutes The dried product was pulverized and classified, thereby obtaining a water-absorbent resin (5) 
^?oTpTS?id content of the pulverized gel was 36.5 %. and the increase ,n solid .confer «, .as 1.5 % 
[0068] The absorption capacity and the water-soluble content of the water-absorbent resin (5). as measured by the 
above-mentioned method, were 70 g/g and 5 % respectively. 



EXAMPLE 6 



100691 First of all, 204 g of acry.ic acid. 1 339 g of a 37 % aqueous sodium acrylate solution 1 .58 g ^^j™ 

gas into the reactor was continued at 8 L/minute (103 cm/minmej. r.exi a % aaueous sodium per - 

based polymer.zation initiator made by Wako Pure Chemical Industnes. Ltd.) 3_24 g of ,6 , A aqueous sodium pe 

,eh,per.h,,e ol the f ..y»» ^ ""JJ CSSZSTp-k. .he temperature r>r the ererer berh 

minutes, thereby e«lein,ho e weter-ebsorhtng eg.nt W, h "•«» e s .Mormon 

meoeoreo b, the ^eh^ed mefcA-d JJ^^^^S o£S»rUn oopeoH, «« 50 *. 
speed were measured by a method as disclosed in JP-A-uy ^001 o. « , __ rnnds 

the absorption capacity under high load was 28 g/g, and the absorption speed was 20 seconds. 



EXAMPLE 7 



5 



[0 07 2 , Firs, of a... 100 parts of acrylic acid, 6 6.4 parts of a 37 % J^^^^^S^ 
polyethylene glycol diacrylate (average ° q j d was supplied at 71.2 kg/h to a 

mixed to prepare an aqueous monomer hquKL The J^Vl 14 cm/min. The aqueous monomer 
steel-made belt polymerizaHon machine having a widt ^ ° f J t ° D ^4 n ^° 0 7 macnine by using a metering pump, and 
liquid was supplied from a tank through plumb.ng to the be tt ^^J n J^^ sing ? he amount 0 f dissolved 
a nierogen gas was continuously introduced on 

oxygen to 0.5 ppm or below. Furthermore ^°/ aQ ^ and'an aqueous L-ascorbic acid 

by Wako Pure Chem.cal Industnes. Ltd.). a 1 0 /. ^^"^^ line such that V -50 would be 0.02 g/(monomer 
solution were supplied to the aqueous monomer l.quid and m«ed o ^^nesuc g/(mon omer mol). 

mol). sodium persulfate would be 0.02 g/(monomer ^^S^'S-JSl the aqueous monomer liquid 
Finally, a 0.35 % aqueous W" 9 en Per™^ 

on the line such thathydrogenperox.de would be 0.00144 ?'} mo ™™^ } '* us mon o mer liqu jd and the above po- 
machine. The temperature of the aqueous liquid, cm « ^Jo ?C ^ "hTbeS po ymerization machine with 
lymerization initiators, was controlled on the supplying l-ne so ~^ be 20 a in tn P y ^ 
a dam of 50 mm in height, the above ^^i^^.^'S^^^ out under airtight con- 
polymerization machine was covered w.th a sta.nless food and "W™^ m m , face of the 
ditions. The first half, 1 2 minutes in duration, of *° polymerization 
belt with a cooling water of 1 2 -C Then. 8 minutes later the aqueous ■ Jjjj J PJ jntro<juced gt 70Q cm/minute 
machine, exhibited the polymerization peak temperature of 86 C. 1 ne nitrogen g<J 
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from the supplying side of the aqueous liquid to the upper portion of the belt polymerization machine. The ambient gas 
was discharged from downstream of the aqueous liquid supplying inlet by 1.4 m and allowed to contact a condenser 
of 12 °C whereby the water content in the gas was condensed. The ambient gas from which the condensed water 
was removed was combined with a fresh nitrogen gas near the aqueous liquid supplying inlet and then recycled to the 
s polymerization machine. On the other hand, acrylic acid comprised about 3 % of the condensed water. Thus the con- 
densed water was recycled to the starting aqueous liquid, when the concentration of the aqueous monomer liquid was 
kept at 35.1 % by adding the starting material. The second half of the belt polymerization machine was heated for 12 
minutes from the lower face of the belt with a warm water of 60 °C. 

[0073] The solid content of the resultant hydrogel polymer was 35.9 %. and the increase in solid content was 0.8 /». 
10 The hydrogel polymer was gel-pulverized in the same way as of Example 1 and then dried at 1 60 °C for 65 minutes. 
The dried product was pulverized and classified, thereby obtaining a water-absorbent resin (7) of 500-106 urn. 
[0074] The absorption capacity and the water-soluble content of the water-absorbent resin (7), as measured by the 
above-mentioned method, were 66 g/g and 3 % respectively. 



15 COMPARATIVE EXAMPLE 1 

[0075] In Example 1. the aqueous liquid, of which the dissolved oxygen level was decreased and into which the 
polymerization initiators were injected, was fully filled into a polyethylene bag so as to have no space portion and the 
bag was then placed on the same vessel as used in Example 1 . The subsequent operation was earned out .n the same 
20 way as of Example 1. As a result, the polymerization peak temperature of 104 °C was exhibited 13 minutes after 
injecting the polymerization initiators. 

[0076] The obtained hydrogel polymer was pulverized with a meat chopper (No. 32 type chopper made by Hiraga 
Kosakusho & Co.. Ltd.) having a perforated plate (dice) containing holes of a diameter of 9.5 mm and then dried at 
160 °C for 65 minutes. The solid content of the pulverized gel was 35.0 %. and the increase in solid content was 0 A 
25 The dried product was pulverized and classified, thereby obtaining a comparative water-absorbent resin (1 ) of 500-1 06 

[0077] The absorption capacity and the water-soluble content of the comparative water-absorbent resin (1 ). as meas- 
ured by the above-mentioned method, were 70 g/g and 12 % respectively. 

30 COMPARATIVE EXAMPLE 2 

[0078] The same operation as of Example 1 was repeated except that the vessel was not dipped into the water bath 
for cooling, but left in the air in the period of from the initiation of the polymerization till the exhibition of the polymerization 
peak temperature. Ten minutes after injecting the polymerization initiators, the boiling occurred at 110 C or above. 
35 [0079] The obtained hydrogel polymer was pulverized with a meat chopper (No. 32 type chopper made by 'H.raga 
Kosakusho & Co.. Ltd.) having a perforated plate (dice) containing holes of a diameter of 9.5 mm and then dried I at 
160 °C for 65 minutes. The solid content of the pulverized gel was 38.5 %. and the increase in solid content was 3.5 
%. The dried product was pulverized and classified, thereby obtaining a comparative water-absorbent resin (2) of 

40 [0 0 0°8^] 06 ^absorption capacity and the water-soluble content of the comparative water-absorbent resin (2), as meas- 
ured by the above-mentioned method, were 71 g/g and 1 5 % respectively. 

COMPARATIVE EXAMPLE 3 

45 [0081] An aqueous liquid was prepared in the same way as of Example 1 except that the amount of water was 
changed from 388 g to 14.3 g. Then. 564 g of the obtained aqueous liquid was injected into the same vessel as that 
used in Example 1 when the thickness was 7 mm (monomer concentration: 43.0 %). Thereafter, the same procedure 
as of Example 1 was carried out to initiate the polymerization. After the initiation of the polymerization the vessel was 
taken out of the water bath, and the polyethylene film was put off from the upper portion of the vessel and the ^vesse 
was left in the air. Four minutes later than the initiation of the polymerization, the aqueous liquid boiled at 110 C or 
higher. Thereafter, the same procedure as of Example 1 was carried out to obtain a comparative water-absorbent res.n 
(3). The increase in solid content was 11.2%. . . . 

[0082] The absorption capacity and the water-soluble content of the comparative water-absorbent resin (3). as meas- 
ured by the above-mentioned method, were 45 g/g and 1 0 % respectively. „„ tain( ,H in e* 
As to the water-absorbent resins (1 )-(7) and the comparative water-absorbent resins (1 )-(3) , aa ^obtained I n Ex- 
ample 1-7 and Comparative Example 1-3 respectively, the absorption capacities and the water-soluble contents are 
shown in Table 1. 
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Table 1 







Absorption capacity (g/g) 


Water-soluble content (wt 
%) 


FXAMPLP 1 


Water-absorbent resin (1) 


68 


4 


j EXAMPLE 2 


Water-absorbent resin (2) 


70 


4 


EXAMPLE 3 


Water-absorbent resin (3) 


68 


o 
O 


EXAMPLE 4 


Water-absorbent resin (4) 


55 


3 


EXAMPLE 5 


Water-absorbent resin (5) 


70 


D 


EXAMPLE 6 


Water-absorbent resin (6) 


65 1 


3 


EXAMPLE 7 


Water-absorbent resin (7) 


66 


3 


COMPARATIVE 
EXAMPLE 1 


Comparative water- 
absorbent resin (1) 


70 


12 


COMPARATIVE 
EXAMPLE 2 


Comparative water- 
absorbent resin (2) 


71 


15 


COMPARATIVE 
EXAMPLE 3 


Comparative water- 
absorbent resin (3) 


45 


10 



Claims 



3 



1 A production process of a water-absorbent resin, comprising the step of polymerizing statically an aqueous solution 
including a hydrophilic monomer, wherein the maximum attained temperature of the polymerization system is con- 
trolled in the range of 60-95°C in the way to remove the polymerization heat by using both cooling due to the heat 
conduction transfer and cooling due to the latent heat of vaporization; the polymerization is carried ou in a polym- 
erization apparatus having an upperspace; and an inert gas is introduced into the upper space of the ^lymenzst on 
apparatus, wherein said aqueous solution including a hydrophilic monomer has a thickness of 10-50 mm and the 
removal of the polymerization heat by using cooling due to the latent heat of vaporization is achieved by: introducing 
an inert gas at an amount of 30 cm/min or more into the upper space of the polymerizat,on apparatus having he 
upper space; and then discharging a water vapor including vaporized solvents and hydrophilic . monomer out of 
5 the polymerization system along with the inert gas as introduced into the upperspace; wherein said process farther 

comprises the steps of drying the resultant hydrogel polymer of the water-absorbent resin to «™» J?*** 
content, and then pulverizing the dried polymer, and then classifying the pulverized polymer to obtain a particulate 
water-absorbent resin. 

0 2. A production process of a water-absorbent resin according to claim 1 . wherein the increase in solid content of from 
the aqueous solution including the hydrophilic monomer to a hydrogel polymer that forms after going through tte 
maximum attained temperature of the polymerization system is controlled in the range of 0,2 to 10 *e 
way to remove the polymerization heat by using both cooling due to the heat conduction transfer and cooling due 

fs to the latent heat of vaporization. 

3. A production process of a water-absorbeht.resin according to any one of claims 1 or 2 wherein the heat removal 
from the polymerization system due to the latent heat of vaporization is promoted by cooling a face, which contacts 
the ambient gas, of a polymerization reaction machine. 

50 4. production process of a water-absorbent resin according to any one of claims 1 or 2, wherein the heat removal 
from the polymerization system due to the latent heat of vaporization is promoted by ^^££Sl"" 
then passing the sucked ambiant gas through a cooling tower to remove the condensed water from the ambient gas. 

5. A production process of a water-absorbent resin according to any one of claims 1 to 4. wherein at least part of an 
55 aqueous solution including the hydrophilic monomer as vaporized by the cooling due to the latent heat of vapon- 

zation is recycled to a starting aqueous solution including the hydrophilic monomer. 
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6. A production process of a water-absorbent resin according to any one of claims 1 to 5, which further comprises 
the step of subjecting the vicinity of the surface of the resultant particulate water-absorbent resin to a crosslinking 
treatment. 

5 7. A production process of a water-absorbent resin according to any one of claims 1 to 6, which further comprises 
the steps of: discharging the inert gas from the reactor wherein the discharged inert gas contains a vapor of an 
aqueous solution including the hydrophilic monomer; removing the vapor from the discharged inert gas; and re- 
cycling residual inert gas as an inert gas which will be introduced into a reactor to bring out the latent heat of 
vaporization. 

10 

8. A production process of a water-absorbent resin according to any one of claims 1 to 7, further characterized in 
that when a polymerization initiator is added to the aqueous solution including the hydrophilic monomer, the tem- 
perature of this aqueous solution (polymerization initiation temperature) is in the range of 10 to 40°C. 

15 9. A production process of a water-absorbent resin according to any one of claims 1 to 8, further characterized in 
that 20 to 60% of the polymerization heat is removed due to the latent heat of vaporization. 



Patentanspruche 

20 

1 . Verfahren zur Herstellung eihes wasserabsorbierenden Harzes, das die Stufe der statischen Polymerisation einer 
ein hydrophiles Monomer umfassenden wassrigen Losung umfasst, wobei die maximal erreichte Temperatur des 
Polymerisationssystems auf dem Wege der Entfemung der Polymerisationswarme durch Verwendung von sowohl 
einer Abkuhlung aufgrund von Warmeleitungsubertragung a!s auch einer Abkuhlung aufgrund der latenten Ver- 

25 dampfungswarme auf den Bereich von 60 - 95 °C gesteuert wird; die Polymerisation in einer Polymerisationsvor- 

richtung mit einem oberen Leerraum durchgefuhrt wird; und ein Inertgas in den oberen Leerraum der Polymeri- 
sationsvorrichtung eingefuhrt wird, wobei die ein hydrophiles Monomer umfassende wassrige Losung eine Dicke 
von 10 - 50 mm aufweist und das Entfernen der Polymerisationswarme durch Verwendung einer Abkuhlung auf- 
grund der latenten Verdampfungswarme erreicht wird durch: Einfuhren eines Inertgases in einer Menge von 30 

.30 cm/min oder mehr in den oberen Leeraum der Polymerisationsvorrichtung mit dem oberen Leerraum; und an- 

schlie&endes Austragen von Wasserdampf einschliefclich verdampfter Losemittel und hydrophilem Monomer aus 
dem Polymerisationssystem zusammen mit dem in den oberen Leerraum eingefuhrten Inertgas; wobei das Ver- 
fahren ferner die Stufen des Trocknens des gebildeten Hydrogelpolymers des wasserabsorbierenden Harzes zum 
Erhehen von dessen Feststoffgehalt und des anschlie&enden Pulverisierens des getrockneten Polymers und des 

35 anschlie&enden Klassierens des pulverisierten Polymers zur Gewinnung eines teilchenformigen wasserabsorbie- 

renden Harzes umfasst. 

2. Verfahren zur Herstellung eines wasserabsorbierenden Harzes gemafc Anspruch 1 , wobei das Erhohen des Fest- 
stoffgehalts von der das hydrophile Monomer umfassenden wassrigen Losung zu einem Hydrogelpolymer, das 

40 sich nach dem Durchlaufen der maximal erreichten Temperatur des Polymerisationssystems bildet, auf dem Wege 

der Entfernung der Polymerisationswarme durch Verwendung von sowoh! einer Abkuhlung aufgrund von Warme- 
leitungsubertragung als auch einer Abkuhlung aufgrund der latenten Verdampfungswarme auf den Bereich von 
0,2 bis 10 Gew.-% gesteuert wird. 

45 3. Verfahren zur Herstellung eines wasserabsorbierenden Harzes gemafc einem der Anspruche 1 oder 2, wobei die 
Entfernung von Warme aus dem Polymerisationssystem aufgrund der latenten Verdampfungswarme durch Kuhlen 
einer mit dem Umgebungsgas in Kontakt stehenden Flache einer Polymerisationsreaktionsvomchtung gefordert 
wird. 

so 4. Verfahren zur Herstellung eines wasserabsorbierenden Harzes gemaft einem der Anspruche 1 oder 2, wobei die 
Entfernung von Warme aus dem Polymerisationssystem aufgrund der latenten Verdampfungswarme durch An- 
saugen von Umgebungsgas und anschliefiendes Durchleiten des angesaugten Umgebungsgases durch einen 
Kuhlturm zur Entfernung des kondensierten Wassers aus dem Umgebungsgas gefordert wird. 

55 5. Verfahren zur Herstellung eines wasserabsorbierenden Harzes gemafi einem der Anspruche 1 bis 4, wobei min- 
destens ein Teil einer das hydrophile Monomer umfassenden wassrigen Ldsung, die verdampft wird, durch die 
Abkuhlung aufgrund der latenten Verdampfungswarme zu einer das hydrophile Monomer umfassenden wassrigen 
Ausgangslosung zurOckgefuhrt wird. 
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6. Verfahren zur Herstellung eines wasserabsorbierenden Harzes gemaft einem der Anspruche 1 bis 5, das femer 
die Stufe des Durchfuhrens einer Vernetzungsbehandiung in der Nachbarschaft der Oberflache des gebildeten 
teilchenformigen wasserabsorbierenden Harzes umfasst. . 

7. Verfahren zur Herstellung eines wasserabsorbierenden Harzes gemafi einem der Anspruche 1 bis 6, das ferner 
die Stufen: Austragen des Inertgases aus dem Reaktor, wobei das ausgetragene Inertgas Dampf einer das hy- 
drophile Monomer umfassenden wassrigen Losung enthalt; Entfernen des Dampfs aus dem ausgetragenen Inert- 
gas; und Ruckfuhren von verbiiebenem Inertgas als Inertgas, das in einen Reaktor zum Ausbringen der lateriten 
Verdampfungswarme eingefuhrt wird, umfasst. 

8. Verfahren zur Herstellung eines wasserabsorbierenden Harzes gemafi einem der Anspruche 1 bis 7, das femer 
dadurch gekennzeichnet ist, dass, wenn ein Polymerisationsinitiator zu der das hydrophile Monomer umfas- 
senden wassrigen Ldsung gegeben wird, die Temperatur dieser wassrigen Losung (Polymerisationsinitiierungs- 
temperatur) im Bereich von 10 bis 40 °C liegt. 

9. Verfahren zur Herstellung eines wasserabsorbierenden Harzes gemafi einem der Anspruche 1 bis 8, das femer 
dadurch gekennzeichnet ist, dass 20 bis 60 % der Polymerisationswarme aufgrund der latenten Verdampfungs- 
warme entferht werden. 



Revendications 

1 . Precede de fabrication d'une resine absorbant I'eau, comprenant I'etape de polym6risation statistique d'une solu- 
tion aqueuse incluant un monomere hydrophile, dans lequel la temperature maximale atteinte du systeme de 
polymerisation est controlee dans I'intervalle de 60-95°C au moyen de I'elimination de la chaleur de polymerisation 
en utilisant a la fois un refroidissement du au transfert de chaleur par conduction et un refroidissement dO a la 
chaleur latente de vaporisation ; la polymerisation est effectuee dans un appareil de polymerisation ayant un es- 
pace superieur ; et un gaz inerte est introduit dans I'espace superieur de I'appareil de polymerisation, dans lequel 
ladite solution aqueuse incluant un monomere hydrophile a une epaisseur de 10-50 mm, et I'elimination de la 
chaleur de polymerisation en utilisant un refroidissement dO a la chaleur latente de vaporisation est realisee par : 
Introduction d'un gaz inerte en une quantite de 30 cm/min ou plus dans I'espace superieur de I'appareil de poly- 
merisation ayant I'espace superieur ; et ensuite la decharge d'une vapeur d'eau incluant des solvants vaporises 
et le monomere hydrophile hors du systeme de polymerisation, avec le gaz inerte tel qu'introduit dans I'espace 
superieur ; dans lequel ledit procede comprend en outre les etapes de sechage du polymere hydrogel resultant 
de la resine absorbant I'eau pour augmenter sa teneur en matieres solides, puis de pulverisation du polymere 
seche, et ensuite de classification du polymere pulverise pour obtenir une resine particulate absorbant I'eau. 

2. Procede de fabrication d'une resine absorbant I'eau selon la revendication 1, dans lequel I'augmentation de la 
teneur en matieres solides, entre la solution aqueuse incluant le monomere hydrophile et un polymere d'hydrogel 
qui se forme apres Stre passe par la temperature maximale atteinte du systeme de polymerisation, est contrdlee 
dans I'intervalle de 0,2 a 10 % en poids au moyen de I'elimination de la chaleur de polymerisation en utilisant a la 
fois un refroidissement du au transfert de chaleur par conduction et un refroidissement du a la chaleur latente de 
vaporisation. 

3. Procede de fabrication d'une resine absorbant I'eau selon I'une quelconque des revendications 1 et 2, dans lequel 
I'elimination de chaleur a partir du systeme de polymerisation due a la chaieur latente de vaporisation est favorisee 
par le refroidissement d'une face, qui est en contact avec le gaz ambiant, d'une machine de reaction de polyme- 
risation. 

4. Procede de fabrication d'une resine absorbant I'eau selon I'une quelconque des revendications 1 et 2, dans lequel 
I'elimination de chaleur a partir du systeme de polymerisation due a la chaleur latente de vaporisation est favorisee 
par Inspiration du gaz ambiant et ensuite par le passage du gaz ambiant aspire a travers une tour de refroidisse- 
ment pour eliminer I'eau condensee du gaz ambiant. 

5. Procede de fabrication d'une resine absorbant I'eau selon I'une quelconque des revendications 1 a 4, dans lequel 
au moins une partie d'une solution aqueuse incluant le monomere hydrophile telle que vaporisee par le refroid(S- 
sement du a la chaleur latente de vaporisation, est recyclee en une solution aqueuse de depart incluant le mono- 
mere hydrophile. 
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Procede de fabrication d'une resine absorbant I'eau selon Tune quelconque des revendications 1 a 5, qui comprend 
en outre I'etape de soumission du voisinage de la surface de la resine particulate absorbant I'eau resultante a un 
traitement de reticulation. 

Procede de fabrication d'une resine absorbant I'eau selon I'une quelconque des revendications 1 a 6, qui comprend 
en outre les etapes de : decharge du gaz inerte depuis I e reacteur, dans lequel !e gaz inerte decharge contient 
une vapeur d'une solution aqueuse incluant le monomere hydrophile ; Elimination de la vapeur depuis le gaz inerte 
decharge ; et recyclage du gaz inerte residuei en tant que gaz inerte qui est introduit dans un reacteur pour pro- 
voquer la chaleur latente de vaporisation. 

Procede de fabrication d'une resine absorbant I'eau selon I'une quelconque des revendications 1 a 7, caracterise 
en outre en ce que, lorsqu'un initiateur de polymerisation est ajoute a la solution aqueuse incluant le monomere 
hydrophile, la temperature de cette solution aqueuse (temperature d'initiation de polymerisation) est dans I'inter- 
vallede 10a40°C. 

Procede de fabrication d'une resine absorbant I'eau selon I'une quelconque des revendications 1 a 8, caracterise 
en outre en ce que 20 a 60 % de la chaleur de polymerisation est eliminee a cause de la chaleur latente de 
vaporisation. 
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